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[57) ABSTRACT

A number of embodiments of fuel cell powered
wheeled vehicles wherein the fuel cell assembly 1s posi-
tioned contiguous to the center of gravity of the vehicle
and inwardly from the wheels for protection and to
make a compact assembly. Various vehicle arrange-
ments are shown and in all of them the fuel cell assem-
bly including the fuel cell and a reformer are supported
resiliently on the body beneath the seats thereof.

13 Claims, 5 Drawing Sheets
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1
VEHICLE WITH FUEL CELL SYSTEM

" BACKGROUND OF THE INVENTION

This invention relates to a vehicle with a fuel cell
system and more particularly to an improved fuel cell
powered vehicle.

With the concern for the environment and the dwin-

dling sources of petroleum based fuels, there has been
considerable emphasis on alternative power sources for

many applications including vehicles. The fuel cell 18
one such alternative source which is receiving a consid-
erable amount of attention. However, present vehicles
powered by fuel cells have tended toward large vehi-
cles such as buses wherein the fuel cells are located 1n a
relatively exposed position and can be subject to dam-
age.

There is, however, a need for a smaller type of vehi-
cle that can be powered by a fuel cell and in which the
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fuel cell will be adequately protected. In addition, with 20

such small vehcles, it is desirable to insure that the sta-
bility of the vehicle be maintained.

It is, therefore, a principal object of this invention to
provide an improved fuel cell powered wheeled vehi-
cle.

It is a further object of this invention to prowde a fuel
cell powered wheeled vehicle wherein the fuel cell 1s
located in such a manner so as to maintain stability of
the vehicle.

It is a further object of this invention to provide a fuel
cell powered vehicle wherein the fuel cell is located in
an apprOpnate condition to maintain stability.

It is a further object of this invention to provide a fuel
cell powered vehicle wherein the fuel cell is located in
such a way that it will be inherently protected from
damage.

In connection with the use of fuel cells for powering
small vehicles, the placement of the fuel cell presents
certain difficulties, as aforenoted. In addition to main-
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taining good stability for the vehicle, the fuel cell which 40

may be somewhat bulky, should be positioned in such a
location that it will not interfere with the useful space of
the vehicle.

It is, therefore, a further object of this invention to
provide an improved arrangement for a small vehicle
powered by a fuel cell wherein the fuel cell will be
positioned in an out of the way place and which will not
encroach upon the useful space of the vehicle.

As is well known, fuel cells normally employ a num-
ber of closely spaced plates, such as plates of carbon
composition that coooperate to generate electrical
power. However, in addition to the normal vibrations
encountered in a vehicle, most vehicles generally are
designed so as to operate up and down inclines and also
in such a way that the vehicle will be displaced or lean
relative to the horizontal. Of course, such motion can
adversely affect fuel cells and specifically the plates
thereof.

It is, therefore, a still further ofject of this invention

prowde a fuel cell powered vehicle wherein the fuel
cell is located in such an orientation so as to minimize
the likelihood of damage to the fuel cell due to vehicle
operation.

SUMMARY OF THE INVENTION

This invention is adapted to be embodied in a fuel cell
lowered vehicle that has a body assembly which defines
at least one passenger seat, a pair of wheels suspended
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by the body at one end thereof in transversely spaced

‘apart relation and at least one wheel suspended by the

body assembly at the other end thereof. Means are pro-
vided for steering at least one of the wheels. A fuel cell
is carried by the body assembly and generates electrical
power for driving at least one of the wheels.

In accordance with a first feature of the invention, the
fuel cell is supported contiguous to the center of gravity
of the vehicle. |

In accordance with another feature of the invention,
the fuel cell is positioned inwardly from the vehicle
wheels toward the center when the vehicle is viewed in
a horizontal plane so as to protect the fuel cell.

In accordance with another feature of the invention,
the fuel cell is positioned beneath the seat of the vehicle
so as to not encroach upon the usable space of the vehi-
cle. |

In accordance with yet another feature of the inven-
tion, the fuel cell is positioned in the vehicle with its
plates extending in a horizontal direction so as to mini-
mize the likelihood of damage due to vehicle operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view, with a portion broken
away, of a small fuel cell powered vehicle constructed
in accordance with an embodiment of the invention.

FIG. 2 is a side elevational view thereof.

FIG. 3 is an enlarged top plan view showing the fuel
cell and the mounting arrangement therefor.

FIG. 4 is a side elevational view of the fuel cell.

FIG. § is a further enlarged top plan view of the area
encompassed by the circle § in FIG. 3.

FIG. 6 is a cross-sectional view taken along the line
6—6 of FIG. S. |

FIG. 7 is a side elevational view, in part similar to
FiG. 2, showing another embodiment of the invention.

FIG. 8 is a top plan view, in part similar to FIG. 1,
with portions broken away, of this embodiment.

FIG. 9 is a top plan view, in part similar to FIGS. 1
and 8, with a portion broken away, showing yet another
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to the embodiment of FIGS. 1 through
6 and initially to FIGS. 1 and 2, a small fuel cell pow-
ered vehicle constructed in accordance with this em-
bodiment of the invention is identified generally by the
reference numeral 11. As will be noted, the vehicle 11 1s
designed to accommodate a pair of riders and may be,
for example, a golf cart. However, the vehicle 11 will,
as should be readily apparent to those skilled in the art,
permit itself to be employed as a commuter type vehicle
in addition to such utilization as a golf cart.

The vehicle 11 includes a body assembly, indicated
generally by the reference numeral 12, which may be
fabricated in any known manner and which may include
a separate or integral frame assembly. A pair of dirigible
front wheels 13 are supported at the forward end of the
body assembly 12 by means of a suitable suspension and
steering mechanism. A pair of rear wheels 14 are jour-
naled at the rear of the body assembly 12, also in an
appropriate manner. The rear wheels 14 are driven
through a differential by means of an electric motor (not
shown). This electric motor may be mounted in any
suitable location and conveniently can be located imme-
diately adjacent the axle of the rear wheels 14. The
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vehicle 11 is adapted to operate along the ground, the
line of which is shown at 15, and which may be of any
type of terrain including uphill and downhill and in-
clined sections.

The body assembly 12 defines an internal passenger
compartment 16 that has a forwardly mounted steering
wheel 17 for steering the front wheels 13 as aforenoted.

In addition, other appropriate controls such as speed
control and brake are positioned appropriately within

the passenger compartment 16. An operator seat 18 and
passenger seat 19 are mounted on a raised plateform 21
formed in the passenger compartment 16 to the rear of
the steering wheel 17. An operator and passenger may
be accommodated on the seats 18 and 19.

For safety purposes, the vehicle is provided with a
front bumper 22 and a rear bumper 23 which bumpers
may be affixed to the body 12 in a suitable manner in-
cluding shock absorbing or impact absorbing assem-
biies. |

The vehicle 11 and specifically its driving electric
motor is adapted to be powered by a fuel cell assembly,
indicated generally by the reference numeral 24, and
which is positioned beneath the raised platform 21 and
specifically beneath the operator’s seat 18. The fuel cell
assembly 24 is located so that it will be spaced inwardly
from the wheels 13 and 14 toward the center of the
vehicle and specifically adjacent its center of gravity W.
This will insure good stability for the vehicle as well as
protection for the fuel cell assembly 24.

Referring now in detail primarily to FIGS. 3 through
6, the fuel cell assembly 24 includes a fuel cell 25 which
may be of any known type but which is disposed 1n the
body assembly 12 so that its internal plates extend in a
horizontal direction. Because of this orientation, the
fuel cell 25 will be protected against damage due to
vibrations and change of grade which effect either up or
down movement or leaning to the right or to the left.

The fuel cell 25 is mounted on 2 mounting plate 26 in
a somewhat inclined direction to the fore and aft longi-
tudinal center line of the vehicle 11 as may be best seen
in FIGS. 1 and 3. This mounting plate 26 1s, 1n turn,
mounted on a subframe assembly, indicated generally
by the reference numeral 27, by means of four spaced
elastic isolators 28. The isolators 28 include elastomeric
rings which are interposed around threaded fasteners
that extend between the mounting plate 26 and the
subframe 27. It should be noted that the fuel cell 25 1s
disposed to one side of the subframe 27.

The fuel cell assembly 24 also includes a reformer 29
which is mounted appropriately on the subframe 27 and
which receives fuel to be reformed, such as a mixture of
methanol and water from a fuel storage tank 31 that 1s
positioned within the body assembly 11 to the rear of
the passenger compartment 16. This fuel is delivered to
the reformer 29 in an appropriate manner so as to be
converted into a hydrogen rich fuel for the fuel cell 235.

As is well known, the reformer includes a catalyst
bed and a lower heater unit or burner 32 which burns
the methanol fuel and which receives air from a blower
33 which is also mounted upon the frame assembly 27 in
an appropriate manner. The exhaust gases from the
reformer 29 are delivered to the atmosphere through an
exhaust pipe 34 which exits at the rear of the vehicle 12
in proximity to the rear bumper 23.

Also mounted on the subframe 27 is a blower 35 for
forcing air into the fuel cell 25 for its reaction operation.
The exhaust gases from the fuel cell 2§ are also dis-
charged to the atmosphere through an exhaust pipe 36
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that extends rearwardly and which terminates adjacent
the rear bumper 23.

The subframe 27 is mounted at its forward end on the
floor 37 of the vehicle body assembly 12 by means of a
pair of elastic isolators 38 which are attached to the
front of the subframe 27 and to a pair of upstanding
arms 39 of the body assembly floor pan 37. A pair of

similar isolator assemblies 41 and having a construction
as shown in FIGS. 5 and 6 are interposed between the

rear of the subframe 27 and the floor pan 37. These
isolator assemblies 38 and 41 comprise elastomeric rings
42 that have plates bonded to their ends from which
studs 43 extend so as to permit the elastic isolator 41 to
be attached to the subframe 27 and floor pan 37 1n a

known manner.
There are times when the fuel cell assembly 24 may

not generate adequate electrical power for motivation
of the vehicle 11. There are also times when the fuel cell
assembly 24 generates excess electric power. Therefore,
there are provided a series of batteries 44 that are posi-
tioned beneath the raised body portion 21 and specifi-
cally beneath the passenger seat 19. These batteries 44
are selectively charged or discharged through a con-
troller assembly 45 so that during times when the fuel
cell assembly 24 is generating excess electrical power,
the batteries 44 will be charged and during times when
insufficient electrical power is being generated, the
batteries 44 can supply additional electrical power for
the driving motor.

The subframe assembly 27 further includes a reinforc-
ing member 46 that is affixed to the rear end thereof and
which extends upwardly so as to protect the rear por-
tion of the fuel cell assembly 24.

In the embodiment of the invention as thus far de-
scribed, the vehicle 11 has been described as a golf cart
or smaller utility vehicle. FIGS. 7 and 8 show a further
embodiment of the invention which is generally the
same as the embodiment thus far described but which 1s
primarily designed for use as a golf cart. In this embodi-
ment, the vehicle, indicated generaly by the reference
numeral 51, has all of the major components the same as
the vehicle as thus far described. Where that is the case,
these components have been identified by the same
reference numeral and further description is believed to
be unnecessary.

In connection with this vehicle, the passenger com-
partment 16 is moved forwardly although the fuel cell
assembly 24 is still positioned close to the center of
gravity of the vehicle and beneath the driver’s seat 18.
In this embodiment, the batteries 44 are disposed be-
neath the passenger seat 19. A golf club rack 52 is car-
ried at the rear of the passenger compartment and is
designed to accommodate a plurality of golf bags
shown in phantom and identified by the reference nu-
meral 53. _'

FIG. 9 shows another embodiment of the invention
which is basically the same as the embodiment of FIGS.
1 through 6. For that reason, components of the vehicle
which are the same have been identified by the same
reference numeral. In this embodiment, however, the
vehicle, indicated generally by the reference numeral
101, is laid out in its passenger compartment so that the
fuel celi assembly 24 lies along a longitudinal center line
102 of the vehicle and hence is positioned between the
driver’s seat 18 and passenger seat 19 rather than under
the driver’s seat 18 as in the previously described em-
bodiment. However, it is to be understood that the
invention can be utilized in conjunction with vehicles
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have bench type seats and then the fuel cell assembly 24
would be positioned under this seat. Because of this
location for the fuel cell assembly 24, which is still
closely adjacent the center of gravity W as well as being
on the longitudinal center line 102. Because of this posi-
tioning, the storage batteries 44 are nested around the
fuel cell assembly 24 rather than on one side of it. In all
other regards, this embodiment is the same as the em-
bodiment of FIGS. 1 through 6.

It should be readily apparent from the foregoing
description that the described embodiments provide
very compact vehicles powered by fuel cell assemblies
and in which the fuel cells are disposed closely adjacent
the center of gravity of the vehicle and inwardly of the
wheels to be protected. In addition, the fuel cell is dis-
posed so that its plates extend longitudinally in horizon-
tal planes so as to avoid damage. In this regard, the
invention has been described in conjunction with ar-
rangements with a single fuel cell 24. It 1s to be under-
stood, however, that the invention can be utilized in
conjunction with multiple fuel cells, one stacked upon
the other in a vertical orientation. Of course, other
orientations can be utilized so long as the aforenoted
principles are employed.

In addition to those embodiments illustrated and de-
scribed, which are the preferred embodiments, various
changes and modifications may be made without de-
parting from the spirit and scope of the invention, as
defined by the appended claims.

We claim:

1. A fuel cell powered wheeled vehicle having a body
assembly defining at least one passenger seat, a pair of
wheels suspended by said body at one end thereof in
transversely spaced apart relation, a wheel suspended
by said body at the other end thereof, means for steering
at least one of said wheels, an electric motor for driving
at least one of said wheels, a fuel cell system comprising
a fuel cell for generating electrical power for said elec-
tric motor for driving said at least one of said wheels
and a reformer for supplying fuel to said fuel cell, said
fuel cell being resiliently supported contiguous to the
center of gravity of said vehicle system including said
fuel cell and said reformer, said fuel cell system being
positioned transversely between the pair of wheels and
longitudinally between the pair of wheels and the wheel
suspended by the body at the other end thereof for
protection of said fuel cell system upon front and side
impacts of said vehicle.

2. A fuel cell as set forth in claim 1 further including
-a storage battery positioned adjacent the fuel cell sys-
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tem for being charged by the fuel cell and offering
auxiliary power for powering said electrical motor.

3. A fuel cell as set forth in claim 2 wherein the fuel
cell system is disposed beneath the seat.

4. A fuel as set forth in claim 3 wherein the battery 1s
positioned beneath the seat.

5. A fuel cell as set forth in claim 4 wherein the bat-
tery is positioned beneath a passenger seat separate from
the first mentioned seat.

6. A fuel cell as set forth in claim 1 wherein the fuel
cell is disposed with its plates extending horiziontally in
a longitudinal direction relative to the longitudinal axis -
of the vehicle. |

7. A fuel cell as set forth in claim 1 wherein there are
a pair of transversely spaced apart wheels at the other
end of the vehicle and said wheels comprise the steered
wheels, the pair of wheels comprising powered wheels
driven by the electric motor receiving electricity from
the fuel cell.

8. A fuel cell powered wheeled vehicle having a body
assembly defining at least one passenger seat, a pair of
wheels suspended by said body at one end thereof in
transversely spaced apart relation, at least one wheel
suspended by said body at the other end thereof, means
for steering at least one of said wheel, an electric motor
for driving at least one of said wheels and a fuel cell for
generating electrical power for driving said electric
motor and said at least one of said wheels, said fuel cell
being positioned inwardly from said wheels toward the
center of said vehicle when viewing said vehicle in a
horizontal plane for protection of said fuel cell by said
wheels, said fuel cell being suspended resiliently within
said vehicle and being disposed so that its plates extend
in a horizontal direction.

9. A fuel cell as set forth in claim 8 wherein the fuel
cell is part of a fuel cell system including the fuel cell,
and a reformer for reforming fuel for said fuel cell and
wherein the reformer is also resiliently suspended by the
vehicle.

10. A fuel cell as set forth in claim 9 wherein the fuel
cell system 1s disposed beneath the seat.

11. A fuel cell as set forth in claim 8 further including
a storage battery positioned adjacent the fuel cell sys-
tem for being charged by the fuel cell and offering
auxiliary power for powering said vehicle.

12. A fuel cell as set forth in claim 11 wherein the fuel
cell system is disposed beneath the seat.

13. A fuel cell as set forth in claim 12 wherein the

battery is positioned ‘beneath the seat.
* %® % % %
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